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9.0 RESCURCE TESTING

.. Production tes%s were performeé-: dur:.nqthe surmer of 1979, Results
of thesas test are as follows:-
. — Static water level below ground surface (BGS).........421'-
~ Position of a TRW Reda 120 hp pump BGS......... evses1,000"
- Pumping rate = - gallons per mimute (GPM)...::iive....315

= Drawdown BGS.u.eisivneeesnesosinsnsesascnesiniansannns 77T

L

Water temperature at the surface.........: .'._',_._':_-.-I_.'.....125°F
- Estimated sustained maximum production (GBM)..:i......400

= Average total dissolved solids (TDS)..:..% 6000 milligram per
hter (rng/l)

'. The pzoductlon well was reworked dur].ng the fall of 1980 a.nd a more
ccrpmh.nswe test of t.be resource was perfomed on Dec:arber 17, 18 and 19
of 1980 bv i Radz.an Cor}_:matton hydxcx:reologlsts
' 7 his test was usec'l to def:.ne the ‘L\ell c:haxac:terlstz_cs and aqu:l_fer

parameters ‘As llsted in thls sect_l.on of the report. ‘Iﬂze«results of ‘f:h_‘l.S test

e ocrp:.led and - presented by Radla.n Cor;_:oratlon in A report em:.tled

l:.sfed in the append:x

Geothennal InjE.‘Ctan and Productlon Well Results at Navaxrc Co]legei‘a

A 40 horsepover sutmersible pump was installed in well mumber 1 and
a temporary transformer installed to convert the. available 1320 volts AC to
480 VAC required by the motor. Fifty feet of 3 inch PVC pipe was used to
route the water over a smll berm and avay from the wellhead, Flow was

controlled by a 2 inch gate valve at the wellhead.
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- A four foot section of_4 inch pipe with a 2 inch free discharge
orifice was attadxedsto the end of the VT pipe and used to measure )
flows A 0.0625 inch hole was drilled in the top face of the orifice
plate in an attempt to vent evolved-gases from the upstream 4 inch pipe
section. :

. Water levels were measured by use of a copper air line placed in
the production well and attached to a pressure gauge. ST
9.2 Test Conducted

- Data from this test was used in determining aqLT_'Lfer parameters of

- - i-:-ransmissivity," + coefficient “of = storage, -cone- of depression, - specific

- 4y e

capa01ty, dq.scha_vge te:rperature, c:hamcal ouahty, and presence of dissolved

ﬂwmrpmstumedonarﬂallmmdtocleananddevelopwewell

P gases._

for melve hours on Dec:embe_r 17 and 18 The flcw ra..e dur:.ng develogrent
exceeded IOOGHdbutwas lessthaanS mﬂ 'I‘heplmpwas tumedoffat3am.,

on Dec.Hnber 18,r 1980 anﬂ the water level :|_n the wel_l permltted tD recove.r.

Based on the data oollected, a 19 hour ﬂdeown spec:Lflc capac1ty

s

of D 99 and an estmlated 19 hcsur recovery spec:.flc capac::.i:y of 1 03 were
calculated. The average value he:mg 1 o] c:allons per. m:r_nute per_ foot of
drawdom(m&/ft.dd] Elfhewaterlevelsdurmgﬂme36daysofpmpmga:e_

recordedandshmmmthefoﬂcwmgtableandshcmm 'gnlﬂcantchangemm

additional pmnplng.
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- TABLE 9.2=I. - ; _ ) -
- — 41%&.,_'," - i S

e 2l punp Test o _ T:_rre S:ane - . Pumping.Water Ievel
Date/Time™ = Dlsc'harge Temperature ( °F) Purrpmg Began [Hours] (Feet Below
Measuring PO:LI"t}

18 Dec. 1980
6:00 FM Pump turned on R100GEM 0 491
6:15 103.1
:30 111.2,
:45 -+ 114.8 : (R
7:00 116.6 1 - 570
:15 118.4 ' - :
:30 121.1
+45 121.1
8:00 ©118.4 i 2 571.5
:15 118.4 :
:30 118.4
.45 119.3
9:00  118.4 3 578
:30 118.4 '
10:00 . 120.2 4 580.5
:30 122.0 ! -
11:00 122.9 g, e ¥ 586
:30 1193 o
12:00 Midnight ~118.4 e 518
19 Dec. 1980 :
12:30 AM 118.4 7 B
1200, oy t-11B.4 ot o smaftr & 4 T sl @l W sgn g
30 117.5 )
2:000 ' 166 8. 581
4:00 *122.0 10 583
S200:g: oo 2122320.2 5 s Remeoesm v T mamee S o BT
6:00 122.0 - 12 585
7:35 122.0 ;
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TABLE 9.2-1 (Cont.)

Pup Tegt . Time Since- Puping Water Level
Date/Time Discharge Températire { °F) le'lplng Began (Bours) (Feet Below
. B Measuring Point)

10:06 | 12219 ' 18 a7
11:00 T 116.6 o o
12:00 Noon 122.9 "
1:00 BM 122.9 : -
1:01 Pump turned off 19 : 588
10:00 Pump turned on for
further well development
@ +100GPM’
21 Dec. 1980
11:00 aM - 123.8 : 37 0T 586! :
22 Dec. 1980
11:30 2 123.8 61.5 596

23 Dec. 1980
11:15 2m 123.8 0 85.5 . 59

12:00 Noon Pump turned off end of
- purping develomment

Discharge Tarperatu.re During Navarro
College Geothermal Well Test
Table 9,2-1 _ L
The temperature of the discharging geotherrral ‘fluid was taken at

hourlymtervalsdurmgthecourseofﬂmepmptestanda:ealsoshmm

mTablegzl Atﬂmeaﬁofﬂelghgurpm@test,lﬂledlschaxge*'

temperaturewas 122.9 degreestutrecxjveredmlater;teststOIHB'

degrees F. : _ foui )
During the test, field specific conductances were determined for

pumped fluid samples and are presented in Table 9.2-2 along with

dissolved gas notations. A wate;*: sample was collectad on December 19,
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1980 upon campletion of the 19 hour test. Analysis of the sample for
total dissolved Sollds (TDS) J_nd:l.cated a value of 6080 milligrams per
liter (mg/ ‘1}' Two previ%usly recorded vaiues of ms were at 5300 mg/1
“and 6820 mg/l. '

TABIE 9 2-2.
Cénd‘uctan” ce-
o  Field - . Sample
Hours of Conductance Temperature
Date Time .  Pumping.. . (whos/cm)- . . _ . {°F) ‘Remarks
12-18-80 7 P.M., .1 _ 13,100 - . 105.8°  Clear discharge
o some gas bubbles.
8 2 13,100 116.6  Clear discharge.
9 e - 13,400 - 114.8  Clear discharge.
10 g 13,200 109.4  Clear discharge.
1. 5 14,000 . 110.3  Cleer discharge, gas.
12mid. 6 15,0000 112.1  Clear discharge with
— : : S .+ bubbles, distinct odor.
_ 12-19-80 1 A.M. | 7 .. 14,500 . - .-113,0 Clear discharge.
2 8 .. 14,750 - - -113.0 Clear discharge, lots
of gas in discharge
- with distinct odor.
3. 9 : 15,000 - . 104:0:7 Clear discharge, lots
of gas in discharge
ixwith distinct odor.
4. .10 . .. 15,700 .~ _ . 113.0--- Clear discharge.
. 5... 1L .. .: 15500 . -~ = 113.0~ Clear discharge.
6. 12, o+ <. 15,500 - . ¢ - 4113,0.  Clear discharge.
8 .14 . .15,700 : s 112,27 Clear discharge.
10.15 16.25 14,700 113.9 Clear discharge.
12 Foon 18 15,500 114.8 .  Clear discharge.
12:55 19 _ 14,700 113.0 Clear discharge.
12-17-80 1 P.M. 19 End of Punping Phase of Test

Field specific Conductances of Pumped Geofluids
Table 9,2-2
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The cmm.ted average tre.nSi‘rL..SSlVlty value detﬁmmed from the
drawdmm and reccvery data of the 100 GPM test is 1360 gallons per. day
per Foot (GPD/ft). This value is lower than the average Woodbine value of
2300 GPD/ft'réported for Navarro County by the Texas Water Development Board,

report number 160 but aOES not appear unreasonable as the production well is

_ pen.c«rated only in the lowe‘- Woodbine Formatmn of 81 feet average thickness,
.. From thJ.S the average permeability is camputpd at 16.8 gallons per day per

' square foot (GPD.-’fl: ) (0.449 percy).

'I‘he coefflca.ent of stoxage (a dirrens:.onless mmber} is the amount

' of water an aqulfer releases from or takes into storage per unit surfaoe area

of the acrr.u_fer pp_r unlt change m head. This parameter ass:.sts in
deterrmjung how rap:r_dly a cone of depress:.on will expand with U.me . The

T ameragEs: ‘Storage coefficient value computed from the test was 0.000024.

Calculations. indicate that the cone of depression caused by thé “pumping at
the production well migrated radially ‘out to about 2 miles during the course

ofthetestass‘lmng a practical sensible drawdown of 0.01 feet. No apparent

hyﬁrogeologlcal boundaries were noted during the course of the test.
9.3 . - Results '

~ All test cbjectives were met during the pump test of Well mumber

- 1.and po-additional development is required. The geothemmal fluid tempera-
«ture-of 123.8°F was:within 2°F of the Spring 1979 test and is adequate to
- wprovide heating requirements of the cascadé geothermal aguaculture 'system.
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.. the first well. . . .

.10,0. DISPOSAL WELL DRILLING AND LOGGING
AR _ —== :

10.1. . ™ Summary

. During December of 1979, a second exploratory well was drilled on
Navarro (}‘ollege_ property to .determine.if a. hotter. resource, of better
quality, could be encountered. This would allow use of the first well as an
_:Lnjectlon W?'Ll' AR LI Y TaR ’ oL oL E

. The second well wa_sl_.._.___drj_:lled to a total, depth of 4762 feet. &An

b electric log (see Appendix C) was.run.in the open hole fxom a depth of 4762

_feet to within 2500 feet of the surface where. prevmus logs had been run on

LE

- Only poorer quality resources were encountered and the hole was

- plugged back to.a.final depth of 2400 feet. for use as the.injection well.

The well was . then completed with perforations in. the upper Woodbine

Fommation. . L R - PRNP

10.2 Completion Coer Pdemmg®io., ol S AT

inch casing was, set and cemented at 4163 feet. Fluid yield and.quality from

_this zone was not acceptzble and.the well was initially plugged back to 3300

feet and campleted in the lower Woodbine Formation by perforating from 2452
feet to 2590 feet. ' '

Testing was initiated +o determine if there would be any
interference with well mmber 1. When pumping in well mmber 2 was started,
an immediate drawdown was notedmwell nurber 1.

Because of this interference, well mmber 2 was plugged back to a

depth of 2400 feet on December 23, 1981, for use as the injection well.
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After t'ne plug wasgset, the well was panoreted in the upper Woodbine
Fo::mat:r.cn with 4 shots per foot in the intervals 2234 feet to 2256 feet and
2278" feet to 2292 feet. A total of 36 fest of sand was perforated with 133
shots.,

A’standard non-pressure wellhead was installed (Fig. 10-1)

10.3 '+ stirmlation Methed - *

- accept fluids at a low pressure, a hydraulic fracture treatment was performed
onithe- Uppar - Woodbine™ Poﬁnafibrg'—-sand's &n October 23-,- 1981,  The method
% enploys hydraulic pressure o fracture the rock and the introduction of sand
into the fractures, preventing their closing after the pressire is released.

"'The formation broke down at- a surface préSsure of approximately
1500"pounds per-square inch (BSI). Before all thé sand could be pimped into
© the fractures; the formation quit taking the sand lesving a sandigel mixture
J;.nthecasing. 'rnesandsettledoutofthegelandf_ﬂedﬂzecasmgtoa
point above the perforations. - : N T -

© On October 24, 1981, a coiled tubing urit was used to fun a 1 inch
outside -diameter - (0.D.) - contimucus tube “into  the well and mtrogen was
- employed t6-jét-1ift the sandoutofthe casing ifhe “sand ‘was ‘reficved to a

-depth of 2309 feet; clearing all’ perforatlons

= E 4 PRI
1 it WL
SR
P~ - -
. . ] i
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NAVARRO COLLEGE GECTHERMAL W_E_LL )
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11.0 DISPOSAL TESTING

a

k]

On Octcber 24, 1981, a pump truck was commected to the disposal
well and water from a holding tank was pumped into the well. Pumping began
at the rate of 255 GPM per minute at a constant pressure of 750 pounds.
After 20 minutes of pumping at 750 pounds of pressure an attempt was made to
determine the acceptance rate at gravity feed. A gravity injection rate of
only 60 GPM was cbtained. It was also determined that 500 pounds of pressure

would be required to sustain an acceptance rate of 120 GPM.
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12.0 APPLICATION ANALYSIS

12.1 'I'echm.cal g

rF'he Geo—"-!’ea" Cer:Lter at Oregen Instltute of Tachnolooy was given the
lJ.rnltat;.‘on of the .mjectlon well and requested to detemlne the most feas:.ble
application for tlus resource. P’-ellmlrwry engineer:.ng and de51gn detalls
periormed by tbe Geo-Heat Center inclmated that the mst feasz_ble applicaticn
would be in an aquacult@l/agrlcultxzral operatlon _
. _ The Geo-Heat Center was prcm.ded with nlfonnat:.on on average- daily,
monthly, and yearly tamperatures at Cors:.cana, 'IExas plus an expected energy
yleld frcm the resource of 1. 6 % 10‘5 BTU/HCUR at 60 GBEM flcm and they
detarm.i.ned that mff:.c::l.ent energy was ava:l.lable to m.mta.m 0.5 acres of
. oovered aquaculture mnds at an optlmm-x pra';-m grwmg ta'rperature of 82°F
| In add::_tlon to 'L'he aqua::L.lti.lre opem‘.:.on, the cante_r adw.sed t.hat suff1c1ent
energy would exist in the ef ﬂuerrt from these ponds 120 provide necessary heat
for space heat.mg requlrerrents of a small greenlmse- um.t.f_'

In an effort to :.ncrease the economic Vlabl]_lty of. tbe project, it
“wWas. dete::m:.ned that all efﬂuents cou1d be capl:m:ed in-a‘two acre reservior

:wl'u_ch could be utlhzed for a catflsh pmduct:_on pond a.nd pc:ssz.ble irrigation .

. of cmpland.

With this prehmma_zy engmeerlng data ava_-n.lable, Navarro College
I'.-s:m;;.tted a su;plemen{ 1'.(_3 the orlglnal proposal in Decerrber of 1981 to the
Urited - States Department: of’ Enexgy wiu.ch rece:l.ved approval through
Modification A005 to the original p.l:caﬂ;:w::sal-.r "Direct Utilization of
Geothemﬂl Ehergy at Navauo College, Gors:.cana ‘I‘e:vcas IR X
S 'I‘his approval led to prepa_rau.ons of prelmna_ﬁy and Final Design
Reports by a cert:u_‘:.ed Archltectmml/mgmeerlng Frcm whlch were approved
'through the Depari:mnt of Energy These Teports reflect a progect that has
been engineered as technologically feasible.
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12.2 Ecoromic . _
A prelimina%y econcmic a.nalys:.s of the prbjeét was conducted by

determining the projected income of all crop items frcm .the research project

" “plus potentizl inccme fm. new student enrollment due to incorporation of

’ 'projer:‘- eleents into the Navarro College curriculum.

o 'Due*ﬂmelmtedsueoftheprmectoncmnpuspmpertyand

because of the restricted _njectlon rate, it was reeogn:.zed that th.1.s would

be & p:r.lot project only. As a p:r.lot research pIDject a paybadc on invest-—

rent was not calculated ‘as 1t wuuld be for a much larger ccxmerc:.a.‘l.

T The chart below reflects a plot of the pro:;ected am‘rual income from

crop items and student er\_rollment income oca'rpared to the pmjected annual

" expenses’ “for the first year of Dpem’uon.

Drawns — %A x 4000 1b5./A/¥r. Persommél:
= 1000 lbs. x $8./1b. = $ 8,000. 1 FTE Aquaculturist $26,000.
1 % FTE Secretary 3,600.
. Catfish - 2A x 1500 1bs./A . 2 Pt. Time Laborers. ©3,700.
" =3000 lbs. x $1.25/1b. 3,750. Other Personnel Expenses 8,(_)00.
Greenhouse P]:oduce - Utllltles". ' . 4,000.

10,000 lbs. x $.50/1b. .. 5,000.. .. .. . o

o ' . ' Mamtermncxe : 1,500.
. B T o e Commmications: =+ = %1,500.
B Supplies: : .o+ . 5,000.

TOTAL ESTIMRTED INCCME - $56 750 TOJ:AL ESTIMA’EED EXPENSEB $53 300.

h Ifnese :.nccme f:.gu:ces ‘are based on a 1c:w end of prc@.lc}::.on and
”"h"-student enrollment and wmld be consz_c‘ierably h:r.gher lf ylelc'is and enrollment

o

Were greater.




13.0 OBI?_'EN]:L_‘K; USER COMMITMENT
-% —

= No users other than Navarro College.
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14,0 SYSTEM LOEDS

%
= This section descr:.bes ._he pmjected heatJ.ng and cooling
reaun.renpnts of t"le pmject as c:alcu_lated by an m.dependent engineering firm.
Du.e tc;: the nature of the project be:._ng explcratory and research
oriented, very little data wWas ml..lally ava:_lable on heatlng and cooling .
requ:.reuents for aquaculturai puféoses in th:Ls area. Therefore, a vital part
of th_'LS report has been dJ_rected at detemmzng 1f calculated demands and

Flows would prove sufflclem: J.n t.'m.s type of apphcaf:.on.

14.1 Caloulated Heat:mcr and Cooling nequuemnts

In des:.gm.ng the hea‘t'_Lng?' ;;stem for thJ.s project a calculation was
detennmed on the rra;;m:::lm prDbable heat loss from the aquaculture ponds and
greenhouse aurmq a peak demand perlod. | The heat losses experienced in th:.s
project ccvns:.st of (1} heat trans‘altted th:c‘csugh the walls, roofs; and other
surfaces and (2) the heai-: required 1__:orwa_1:m out51de e_u.r entering the heated

Healt loss for an area i_s computed by_ the equation Q=UA (Ti-To)=lA T

where:

i

heat tmnsfer rate fmm one area to an adjacent area (pond to

O
I

air or air to buz.ldJ_ng etc) _
U = heat transfer coefflc].e.nt (B‘I‘T.I/l‘['r:-:Ef:2 °F)

A = heat tra.nsfer surface area (ft )

AT = temperature dlfferance between areas (°F)
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This equation allows for calculation of heating or cooling
requirements of each of the project elements listed belows:
A, Aquaculture éoﬁds he_at loss
B. Agquaculture ponds heating water
C. Heat excharger pa..ameterts _
D. Aauamlture ponds heat gain dur:mg heat:.ng per:.od
E

. Aquaculture 'FHF'11lt}I VPH+11Rt10n rate

F. - Pond heat gaJ_n c'!'u.r:_ng coolmg perlod .
G. Greenhouse heat loss anci potentlal heat ga_m £rcem pond
effluents D

imension - 204 ft x 82 ft:._x 12 ft.

Total Exposed Area (A )—- 2 [82 x 12} + 2 (204 x 12)

+ (208 x 32)
A = 1 968 £e2 + 4 395 ft2 + 16, 728 fl:
' A = 23, 592 ft2

Pond Dlrren51ons - 185 ft. x 30 ft. x 4 ft

Total Pond Surface Area (A;) = 2 x 185" x 30"
A, = 11,100 2 _

‘Heat loss to Sldes and bottcm of pond

T, o

Tota_‘l.BankArea {4}:185}(4)4-(4:{30::4}
3440ft




Value of _T water:hank = 25°F
. & . 2
U Bark = 0.8 BTU/Hr-£t“-°F

- Ist Q3=He.at Ioss to Bank
Q= 0.8 X 25°F x 3,440 £t2
0, = 68,800 BTU/Er_ .

At equilibrium conditions, the pond heat loss will equal that of the
enclosure heat loss. LT T

Iet Ql Enclosure Ioss'

Q= _Pond loss to enclosu::e_ space.

iy R

T = 1?°F 'renp outmde (peak dama.rxi}

=
1]

Temp msyﬂe

|
1]

82°F Pond tarp

1 T_Tlxﬂlx{T—T) -

Q, = U, x &) x (T, = 1)
U, x X ['_I‘.."--'I":"] =U, x X (T_ ~T,) ... Pond loss =
Al d 2 A2 P * Enclosure loss
UpA Ty - UpA T = U, A T - Uy Ay Ty

U A Ty -+-U-2--Aﬁ-f'1‘.-"'= Uy A TF',--i--Ui" Aj TS -

Q

T, = 2A2T +U1A1’I'
Uiy U0y 8,

'ﬁ:=103ruﬁh:~ft °F
.

[=]
J

L = 1.0 BrU/EE-£t2 = Op -~ v v

S

* Source: White, Frank M. "Heat Transfer" copyright 1984 by
2Adison-Wesley Publishing Co., Inc.
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T, = (1x11,100 Ft2 x 82°F) + (1 x 22,592 x 17°F)
- " (I % 11,100 Ft°) + (I % 23,592)
T, = 37.8°F '
1
£
- Q?_ = U b3 A2 x ('I‘ J_)
Q2 = 1 X 11 100 x {82—37 8)
Q, = 490,620 BTU/Hr
= 450,620 + 68,800

Total Loss

559,430 BIU/Hr

This calculation has assumed no J.nfa_ltratlon 1035 and therefore the
actual load will be somewhat h]_gher B

.

B. AQL@CUL‘IUREPCX\DSHEATINGWERREDUHKED

-
2

Pond Heat Loss = 559,420 B‘I'U/’Hr = 559,420 Ib/hr-°F x } Fllon

8.34 1b. 60

W Uda nﬁnfhr
HEAT 1.0SS ' )
. »500 X AT Ceo-pond* -

W:

Heating Water Required

(freshwater) sl

559,420

500 x 33°F 5
34 GEM

i

* Pr()jects heatmg water_' entars at 115°E‘ and pcmd temp is @ 82°F

C. HEATED{C'.‘NIGERPARAMEIERS

Geothermal water tamp mtermg exchangar 125°F
Geothermal water tarp leavmg exchange:r 70°F
Fresh water ta'cp enterj.ng exchanger 62°F
Fresh water temp.” leaving exchanger = 115°F
Geothermal _Hea'l: = 35 GPM x 500 x (125 - 70)

962,500 BTU/Hr




' Freshwater GPM = ©62,500 BTU/Hr . -~ . % -

€ 500 x (115-82)-

= 36 GRM

. EQC@CUIEUREPCDDSHEA.L GRTT DUR]I\E HI'ATING PERICD

" motal Gain = 3,739,758 + 437,520

Heat gain = Solar ga:.n + Transnlsmon

Exposed Area = N—zodx 9 = 1836

..E _. ‘8 % 9 =_738

S-204x 9 = 1836

W~ 82x 9 = '_'7'39'

I

16,728

Solar Gain Factors = N - 30 BTU/HJ:-FI:‘?

Hor - 204 b'q 82

E- 77
g - 72
W= 90 . - . .

Hor = 205

Solar Gain 1336 {30 + 72} + 738 {77 + 90) + 16 728 (205)

137 272°F 123,246 + 3 429 40

3, 739 758 B‘IU/HJ:

[2 X 1836'] + {2 X 738) + 16 728 X

1.0 B‘I‘U/Hr th F x 20°F

)

437,520 Bm/Hr

Transmission Gzi.i.n

-

= 4,177, 278 BIU/"H):

AQUACULTURE FACTILITY VHQTILA‘I‘ICN RATE

Total Heat Gain = 4, 177 278 BTU/&
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If a max. temp. rise of 20°F in the aquaculture building is

*
_ allowed,
= Vent rate = 4,177,278
T.“m°p = 193,392.5 CEm )
10 s went = 193 392 5:10

= 19 340 CE‘M/FAN

F. POND HEAT 'Gém* Dmme cocm.mrs PERICD

Assuming enclosure tesrp. is 120°F and water tesp. is 82°F with an
h-value of 1 B'I'U/Hr—th-"F o ' : -
Pond Heat Ga_m h X A x '1‘

=1x185x60x20

Ii

222 000 B'I‘U/Hr

Cooling water flow required = Heat gain
. - 500 x AT

Cooling water

Il

222,000 (500 x.20) -

=25 GmM

I

G. Gnmoummmssmzmrmrm mmmmm

Enclosu.re area = 30' x 108'

N (2x s"g 103-) + (2 x 10" x 30) + (30 x 108)

"II

i

Surfacearea

1728 + 600' + 3240

= 5568 th

2ok ox E

2

. With a U-Factor of 1 BﬁU/Hr—Ft °F a.nd a 30°F ta-rp difference

(20° outside 50° ms:.de)

Heat Ioss =1 x 5568'

167, 040 B'm/Hr'

I
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Pond effluent temp. of‘ 80°F c-x_nd.a flow at 30 GEM with a
delta T through theGreenhouse Heatefs.
.. Available heat = 30 GPM x 500 x 10
= 150,000 BTU/Hr )
Due to additiopal.infiltratian loss, the Greenhouse will reguire
additional heating but sufficient heat should be available for Spring

and Fall heating requirements.
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